ABSTRACT: Genetic variations in plasma GH concentrations before and following thyrotropin-releasing hormone (TRH) stimulation and in IGF-I concentrations were studied in 11-mo-old Polish Friesian cattle (104 heifers and 110 bulls). A possible association between stimulated GH release, IGF-I, and the polymorphism in the GH gene causing substitution of leucineLeu to valine-Val at amino acid position 127 of the protein was also investigated. The GH concentrations were determined in serial plasma samples collected every 15 min from 15 min before to 135 min after intravenous administration of 0.15 g TRH/kg live weight. The analysis was performed on three variables: baseline (mean of samples at −15 and 0 min), peak (sample at 15 min after injection) and rate (peak minus sample at 60 min, divided by 45 min). The IGF-I concentrations were measured in plasma samples taken before the TRH stimulation. Additionally, first lactation records
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from the 75 cows earlier tested for GH release and IGF-I were used to study a possible association of milk production traits with GH genotypes. The data were analyzed by multivariate mixed linear models. The heritability of IGF-I reached a higher value (0.35) than variables baseline, peak, and rate (0.02, 0.14, and 0.14, respectively). The GH variables were positively genetically correlated with each other (0.22 to 0.93), whereas they had negative genetic correlations with IGF-I (−0.26). The Val/Val genotypes reached the highest peak value compared with other GH genotypes (P ≥ 0.01), whereas the Leu/Leu genotypes had the highest IGF-I concentrations (P ≤ 0.05). Moreover, the Leu/ Val heterozygotes were superior to others in milk and protein yields, whereas the Leu/Leu homozygotes reached the highest fat yield (P ≥ 0.01). We conclude that GH peak, GH rate, and IGF-I are heritable traits in young dairy cattle and are affected by the Leu/Val polymorphism in the GH gene. mone (TRH) can be used to artificially induce GH release. Results of Løvendahl et al. (1990) showed that the positive association observed in dairy cows between GH concentrations and genetic merit for milk yield has its counterpart in calves in the release of GH following administration of GHRH and TRH. There are few studies concerning quantitative genetic variation in plasma GH concentrations before and after stimulation in young dairy cattle.
Some studies have focused on the GH gene to examine associations between its polymorphic variation and economically important quantitative traits. Lucy et al. (1991) reported a polymorphic region in exon V of the GH gene that results in a nucleotide change related to the occurrence of variants with leucine (Leu) or valine (Val) at amino acid position 127 of the protein. This polymorphism was found to be associated with milk production traits.
The purposes of the study were 1) to examine genetic variation in plasma GH concentrations before and after stimulation by TRH and in plasma IGF-I concentrations of young dairy cattle and 2) to investigate a possible association between stimulated GH release, IGF-I, milk production traits, and the Leu/Val polymorphism in the GH gene.
Materials and Methods

Animals
Data on 214 Polish Friesian cattle (104 heifers and 110 bulls) of more than 50% of the Holstein breed were used in the analysis. All animals originated from 29 Holstein sires, and the size of progeny groups ranged from 1 to 28 (an average of 7.4 calves per sire). The young cattle were born at different farms between April 1994 and April 1996 and housed in one experimental station from the age of 4 mo. They were given access to diets formulated according to sex and age under a standardized feeding regimen twice a day (Polish Norms, 1993) . Water was freely available. The average gain calculated over the period from birth to 11 mo of age was 692 ± 90 g/d (mean ± SD) in heifers and 887 ± 99 g/d in bulls. Prior to administration of TRH, all animals were fasted 24 h. A limited ration of straw was offered during this time.
TRH Treatment
For blood sampling, the young cattle were individually kept in tie-stalls in batches from one to six animals of similar age (335 ± 8 d). The blood was sampled through catheters (Viggo-Spectramed Secalon 16G 42 CM, Seldy, England) inserted into the jugular vein on the day before testing. All samples were drawn into heparinized tubes (9 mL Vacuette, Greiner Labortechnik, Germany), centrifuged (4°C, 2000 × g, 20 min) and the collected plasma was stored at −70°C until assayed for GH and IGF-I concentrations.
The GH release was tested following intravenous administration of TRH as described by Løvendahl and Sejrsen (1993) . The dosages of TRH (Sigma Chemical Co., St. Louis, MO), adjusted for live weight (0.15 g/ kg live weight), were dissolved in 10 mL of 0.9% NaCl and infused through the cannula. Serial blood samples were collected at − 15, 0, 15, 30, 45, 60, 75, 90, 105, 120 , and 135 min, relative to the TRH injection.
Hormone Assay
The bovine GH concentrations were determined in the blood plasma samples using double-antibody RIA as described previously (Grochowska et al., 1999) . In brief, the recombinant bovine GH (Monsanto, St. Louis, MO) was used as tracer and standard. The intra-and interassay CV were 11 and 14%, respectively; assay sensitivity averaged 1.2 ng/mL (five assays). The IGF-I concentrations were determined in duplicates of acidethanol plasma extracts according to the method of Breier et al. (1991) using sheep anti-IGF-I antibody (Y32; against human N-Met-IGF-I). The human recombinant IGF-I (Sigma Chemical Co.) was used for [
125 I] labeling as well as a reference standard. The validity of this assay for bovine samples was verified by dilution test (with or without standard added) resulting in slope 1.02 ± 0.05, and recovery above 80%. The detection limit of the assay was 2.5 ng/tube, and the intra-and interassay CV were 8 and 12%, respectively.
Genotyping
All animals were genotyped for the Leu/Val polymorphism in the GH gene. The DNA was isolated from blood samples collected on K-EDTA according to the method of Kawasaki (1990) . Genotypes of GH were identified with PCR-RFLP technique as described by Lucy et al. (1993) . The 428-bp fragment of the GH gene was amplified, including intron IV and parts of exons IV and V. The primers were: 5′-CCGTGTCTATGA-GAAGC-3′ and 5′-TTCTTGAGCAGCGCGT-3′. Thirty amplification cycles included: 94°C, 30 s; 60°C, 1 min; and 72°C, 30 s. The amplified DNA was digested with AluI restriction nuclease (Gibco BRL, Life Technologies, Paisely, U.K.; 3 h, 10 units/20 L, 37°C) and analyzed on a 2% agarose gel in TBE buffer (0.09 M Tris/ boric acid, 0.002 M EDTA, pH = 8.3). A representative RFLP polymorphism analysis in the bovine GH gene is shown in Figure 1 .
Milk Production Data
Lactation data from the 75 cows tested for plasma GH and IGF-I concentrations at 11 mo of age were used. The 305-d first lactation records for milk, fat, and protein yields obtained from monthly milk recording were considered. Incomplete lactations of 122 d or more were extended to 305 d, taking into account calving age and season-year of calving, according to Wilmink (1987) . All cows calved between January 1997 and October 1998 in one herd. Yield data were grouped according to year and season at calving with four seasons defined as December-February, March-May, June-August, and September-November.
Statistical Analysis
The GH allele frequencies were calculated by simple allele counting according to the Hardy-Weinberg equilibrium (Falconer and Mackay, 1996) . The possible deviations of genotype frequencies from the expectation were tested by a chi-square.
The GH concentrations were transformed to a log (natural) scale in order to obtain approximately normally distributed residuals. The analysis was based on three variables for each animal, referred to herein as follows: baseline, peak, and disappearance rate (rate). Baselin was calculated as the mean of samples collected at −15 and 0 min, and peak was the sample taken at 15 min after injection of TRH. Rate was calculated as peak minus sample at 60 min, divided by 45 min. Rate closely approximates fractional clearance rates calculated by linear regression methods in the same time interval.
In order to avoid the effect of TRH on IGF-I concentrations, only samples collected before TRH application were used for the statistical evaluation. The IGF-I data were only available from a subset of the 183 animals owing to an error that occurred in an assay.
The data were analyzed using multivariate mixed linear models. In matrix notation the model could be written as
where y was a vector of observations on baseline/peak/ rate/IGF-I and on milk/fat/protein yields on 305 d and b a vector of fixed effects due to GH genotype, sex, and weight at 11 mo of age within sex for GH release traits and GH genotype and calving age for milk production traits. Furthermore, p was a vector of random effect due to season-year of blood sampling (four seasons defined as for milk data and 2 yr: 1995 and 1996) for GH traits and season-year of calving for milk production traits, a was a vector of additive genetic breeding values, e was a vector of random errors, and X, Z 1 and Z 2 were the known incidence matrices. The assumptions for the model were: E(y) = Xb, V(p) = I p ⊗ P 0 , V(a) = A ⊗ G 0 and V(e) = I e ⊗ R 0 , where P 0 , G 0 and R 0 were n × n (co)variance matrices (n = 3 or 4) due to seasonyear, additive genetics effects, and random error, respectively. The terms I p and I e were identity matrices of appropriate sizes, A was the additive genetic relationship matrix including ancestors, and ⊗ denoted direct product of matrices.
(Co)variance components were estimated by the AI-REML algorithm in the DMU package (Madsen et al., 1994) , which was also used to compute the effects of GH genotypes. Under the assumption that the covariances were known, the effects of GH genotypes and the contrasts between GH genotypes were normally distributed.
Phenotypic variance was calculated as the sum of additive genetic variance, season-year variance, and error variance. Estimated parameters are presented as heritabilities and phenotypic standard deviations for GH and IGF-I traits. Standard errors of (co)variance components were estimated by an approximation to the observed information matrix based on the average of the observed and expected information matrix (Jensen et al., 1997) . Standard errors of heritabilities and genetic correlations were computed from standard errors of (co)variance components using a Taylor series expansion.
Results
All three possible genotypes for the Leu/Val polymorphism were identified in Polish Friesian cattle ( Table Table 1 Table 2 .
Our results showed an increase of GH concentrations following intravenous injection of TRH. The GH response was immediate, with peak occurring within 15 min after administration and then decreasing toward preinjection level during the first 60 min (Figure 2 ).
The heritability (h 2 ) of IGF-I reached a higher value (h 2 = 0.35) than GH release traits (Table 3 ). Peak and rate had heritabilities of similar size (h 2 = 0.14) and were intermediate between those estimated for IGF-I and baseline (h 2 = 0.02). Heritabilities had standard errors from 0.10 to 0.11. Thus, only the heritability of IGF-I was significantly different from zero at the 5% level. The fraction of variance due to season-year of blood sampling varied between 0.07 and 0.25 and was of comparable size for baseline and peak, whereas it tended to be higher for rate and IGF-I.
The growth hormone traits baseline, peak, and rate were positively genetically correlated with each other, and the genetic correlations ranged from 0.22 to 0.93 (Table 4) . However, only the correlation between peak and rate (r A = 0.93) was significantly different from zero (P ≤ 0.05). Baseline and peak were negatively correlated with IGF-I (r A = −0.26), whereas the genetic correlation between rate and IGF-I was close to zero. The phenotypic correlations showed the same pattern as genetic correlations for peak-baseline and peak-rate traits. Growth hormone release traits significantly differed between homozygotes and heterozygotes within the GH locus ( Table 5 ). The Val/Val homozygotes clearly dominated within GH genotypes (Figure 2) . However, only differences between GH genotypes for peak were significant (P ≤ 0.01). The estimates for IGF-I were in the direction opposite that of the GH release traits. The Leu/Leu homozygotes exhibited the highest values compared with others, and they significantly differed from the Leu/Val heterozygotes at the 5% level.
Our results also showed a significant effect of the Leu/Val polymorphism on milk production traits (Table 5). Significant differences between homozygotes as well as the Leu/Val and the Val/Val genotypes were found for milk and protein yields (P ≤ 0.01). The Leu/ Val heterozygotes revealed the highest values for milk and protein yields, whereas the Leu/Leu homozygotes were superior to others in fat yield.
Discussion
The results of our study have provided evidence that 1) TRH was an effective GH secretagogue for detection of genetic differences among animals, 2) TRH-induced GH release and GH disappearance rate as well as IGF-I are heritable traits in young dairy cattle under controlled conditions, and 3) GH and IGF-I concentrations significantly differ between GH genotypes within the Leu/Val GH locus.
Injection of TRH in our experiment increased plasma GH concentrations in animals tested, as was observed in the study previously published by Løvendahl and Sejrsen (1993) . The dose of TRH (0.15 g/kg live weight) was chosen to give an intermediate response, and was within the range of TRH doses (0.15 to 0.33 g/kg live weight) used by others (Løvendahl at al., 1991) . Although GH release is episodic and highly dependent on many factors (Gluckman et al., 1987) , differences among animals with three possible GH genotypes were found.
It has been a consistent finding in this and other studies (e.g., Woolliams et al., 1993) that GH concentrations prior to stimulation are positively correlated with GH release. Hence, our data were analyzed using a multivariate approach under the assumption that correlations between traits are existing. However, due to the small number of observations, the presented estimates of heritabilities and genetic correlations have large standard errors.
A limited number of studies have reported estimates of genetic parameters for stimulated GH release as well as IGF-I concentrations. The low heritability of baseline in the present study confirms results that Løvendahl et al. (1994) found in 10-mo-old dairy bulls stimulated by GHRH. Furthermore, peak and rate represented heritabilities higher than baseline. They were phenotypically and genetically highly correlated because of Phenotypic standard deviation (σ p ), heritability (h 2 ± SE) and common environmental variance (c 2 ± SE) due to season-year of blood sampling estimated in log e units using peak in the calculation of rate. Similar to the study of Løvendahl et al. (1994) , our results indicate that peak and rate are heritable traits.
As shown, IGF-I had a moderate heritability. This agrees well with a range of estimates (0.18 to 0.48) presented by others (Enns et al., 1991; Davis and Simmen, 1997 ) in beef cattle. The estimates indicate that it is possible to change IGF-I concentrations in animals by selection. Insulin-like growth factor-I could be a useful physiological indicator for milk yield because it is measurable in juvenile cattle of both sexes. However, so far there is no evidence for a genetic association between IGF-I concentrations and milk production traits.
On the other hand, the variance due to season-year of blood sampling estimated for IGF-I in the present study implies a large influence of environmental factors on IGF-I levels. It is well known that diet, including energy and protein contents, affects plasma IGF-I concentrations (e.g., Elsasser et al., 1989) . Moreover, daily photoperiod seems to be one of the major factors contributed to variation in IGF-I levels (Dahl et al., 1997) . One explanation of the multiple action of GH is based on distinct amino acid sequences within the molecule that are responsible for its various biological activities (Chen et al., 1991) . Therefore, we hypothesize that a substitution of the Leu to the Val at amino acid position 127 of the protein could change the metabolic activity of the GH molecule and affect performance. Our results indicated a different release of GH and IGF-I in GH variants. Interestingly, the Val allele seemed to be a clear favorite in increasing the GH release, whereas the Leu allele was favorable for IGF-I. We suggested that the Leu/Val polymorphism exhibited a dominance effect because there were no differences between animals with the Leu/Leu and the Leu/Val compared with the Val/Val genotypes for GH traits, as well as the Val/Val and the Leu/Val compared with the Leu/Leu genotypes for IGF-I.
In contrast to our study, Schlee et al. (1994) reported a positive association between the Leu/Leu homozygotes and GH concentrations in German Friesian cattle. Moreover, IGF-I concentrations determined in that study were higher in the Leu/Val compared with the Leu/Leu genotypes in Simmental cattle. These contradictions could suggest genetic background for differences in GH secretion.
Therefore, it was interesting to include milk production traits in our analysis due to their economic importance. The results of the present study showed, similarly to GH and IGF-I traits, a significant dominance effect of GH genotypes on milk, fat, and protein yields. Furthermore, the presence of the Leu allele was associated with the highest milk production. These results are consistent with those of Lucy et al. (1993) , who reported a positive relationship between the Leu allele and genetic merit for milk yield in Holstein cows. However, they are in contrast to results of Van der Werf et al. (1996) , who indicated a positive effect of the Val allele on milk production traits.
Our assumption is that other mutations within the GH gene or genes closely linked to the polymorphic GH locus may be responsible for the effect on GH and IGF-I concentrations in the blood as well as milk production in dairy cattle. Although not directly responsible, this linkage could give valuable information and could be used as a genetic marker for these quantitative traits (Lee et al., 1996) . However, the structure and amount of data available to the present study were not sufficient to provide statistical evidence of linkage. Other analyses, such as daughter or granddaughter designs, could be used to determine the location of potential quantitative trait loci.
An investigation of the relationships among genetic polymorphisms and phenotypic traits requires the evaluation of distribution of allele frequencies because the prospects of improving a given trait depend on the frequency of the favorable allele. The allele frequencies in the present study regarding the Leu and the Val variants corresponded well with results of Zwierzchowski et al. (1995) , previously obtained for Polish Friesian cattle. Higher frequencies of the Leu variant (over 0.90) than for the Val variant have been consistently reported in Holstein populations (e.g., Van der Werf et al., 1996) . Lower frequencies of the Leu allele were found in Friesian cattle (e.g., 0.80 in German Friesian bulls; Schlee et al., 1994) . As shown, the chi-square test for deviations from the Hardy-Weinberg equilibrium was significant at the GH locus in Polish Friesian cattle. Because the genetic progress was made by upgrading with Holstein breed, it could be expected that the disequilibrium would be toward the Leu allele in the Polish Friesian population.
Implications
The stimulated growth hormone release and insulinlike growth factor-I are heritable traits in young dairy cattle. Hence, they may be useful physiological indicators for selection on milk production. Because of a significant effect of the leucine/valine polymorphism in the growth hormone gene on the genetic variation of growth hormone and insulin-like growth factor-I concentrations, the adjustment for growth hormone genotypes should be taken into account when estimating breeding values based on physiological indicators.
